Policy Effectiveness for containing CO2 Emissions in Transportation  by Nocera, Silvio & Cavallaro, Federico
Available online at www.sciencedirect.com
Procedia Social and Behavioral Sciences 20 (2011) 703–713
14th EWGT & 26th MEC & 1st RH 
Policy Effectiveness for containing CO2 Emissions in Transportation 
Silvio Noceraa,b,**, Federico Cavallarob,*†* 
a
 IUAV University of Venice - Research Unit “Traffic, Territory and Logistics”, Dorsoduro 2206, I-30123 Venice, Italy 
b
 EURAC European Academy of Bozen/Bolzano - Institute for Regional Development and Location Management, Viale Druso 1, I-39100 
Bolzano, Italy 
 
Abstract 
Global warming is one of the causes of transportation unsustainability of our days and CO2 is generally considered the most 
important indicator for quantifying its effects. Reducing CO2 emissions from transportation by diverting traffic demand to less 
polluting modes has been one of the main priorities of European policy of the last decades and hence a good number of effective 
measures have been planned and implemented throughout the Continent. This paper provides a thorough taxonomy for these 
measures, then reviews their results of a good number of projects, and finally shows the forecasted outcome of an appropriate 
transportation policy in support of the construction of the Brenner railway tunnel. 
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1. CO2 Efficiency 
In the last years, several scientific studies considered the reduction of greenhouse gases (GHGs) as one of the 
main conditions for preserving the Earth from the consequences of global warming (USDOT, 2002; TRB, 2008). 
Already in the 1960s, Menabe and Wetherald (1967) suggested that rapid increases in the most common GHG, ie 
carbon dioxide, could influence also global temperatures. However, only in the last two decades the issue has been 
treated with awareness (IPCC, 2007; EEA, 2008): the signing of the Kyoto Protocol (UN, 1998) has been one of the 
most important steps in this direction. 
Carbon dioxide (CO2) represents more than 75% of total anthropogenic GHG emissions (IPCC, 2007). 
Theoretically speaking, it is detrimental neither to the environment nor to the health if it does not exceed the 350 
parts per million by volume (ppmv) threshold (EEA, 2011; Hansen et al., 2008). Its concentration grew however by 
a good 25% between 1850 and 2000, passing from 288 ppmv in 1850 to 369,5 ppmv in 2000 (CDIAC, 2011), with a 
further exponential growth in the last ten years which brought its value to 389,7 ppmv in 2010 (NOAA/ESRL, 
2011). At this concentration, CO2 contributes actively to the consequences of climate change such as dryness, 
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inundations, rise in sea levels, and loss of biodiversity (TRB, 2008). As one of the main causes of climate change, 
CO2 is also considered a polluting gas by most of the literature (Sinha and Labi, 2007; EEA, 2011). 
Transportation contributes 26% to the overall CO2 emissions, thus constituting the second biggest polluter in the 
EU (EC, 2005). If EU expectations should be fulfilled, traffic demand will increase by about 50% for freight and 
35% for passengers between 2000 and 2020 (DGET, 2006). This will lead to a further growth of CO2 emissions if 
nothing is done in order to counteract this prevision. Hence, the concept of “CO2 efficiency” in the transportation 
field has increasingly become more important in the last years. 
Nevertheless, its determination is still a critical topic. Sinha and Labi (2007) suggest the use of the monetization 
(ie the evaluation of the costs necessary to clean up the air near the source of degradation or the health care 
expenses) for a consistent appraisal of the impacts of polluting gases. Through this method, the latter are treated like 
economic parameters, using the classical evaluation techniques. This approach is generally valid for the local 
polluting gases, which have a direct impact on the emission area, but often proves inadequate for such gases whose 
local emissions cause global effects - such as CO2.  
When significant non-monetary and non-monetizable components of benefit and cost are at-stake, Multi-Criteria 
Evaluation (MCE) normally submits promising results (Saaty, 2005). Attempts for determining the relative weight 
of CO2 criterion (or its ranking) were in this case conducted through the use of different methods (Zhang et al., 
2004) but gave unsatisfactory results. The awkwardness of weighting CO2 in MCE was already acknowledged from 
a part of scientific literature (Bell et al., 2001; Konidari and Mavrakis, 2007) and this outcome seems to lead 
towards the drafting of a separate balance as the most appropriate method in order to define the CO2 efficiency of a 
certain transport system. 
2. Policy for CO2 emissions: push- and pull-measures 
The EU seems to have acknowledged the magnitude of global warming by defining several policies, like the 
encouragement of a better balance between the different forms of transport, or the development of the less polluting 
modes and the rationalization of existing networks. The introduction of the Trans-European Networks-Transport 
(TEN-T) is one significant step in this direction, as it manages to create a single, multimodal network that integrates 
land, sea and air transport networks throughout the Community (EC, 2003). This huge investment should 
complement with the promotion of water and railway transport (CEE, 2001), and with the purpose of controlling the 
growth of the most polluting transport modes, such as air transport (van Essen et al., 2003). 
Even though more sustainable, rail transport is often made unattractive and thus less competitive by various 
factors: the unsuitability of existing rail products for certain routes, the insufficient capacity of particularly important 
bottlenecks to meet the existing demand, and the difficult accessibility for users to intermodal nodes are the most 
common of the list. This results in an unbalanced modal shift between rail and more polluting traffic means, such as 
cars and HGVs.  
In order to improve its appeal, several tools were recently introduced: divided into two groups, they are generally 
referred to as push- and pull-measures.  
The former are imposed on travellers and freight operators in order to influence individual decisions, and can be 
divided into financial instruments (eg taxes, charges and tolls) and technical and regulatory constraints (eg orders 
and bans). They are closely related to a more efficient and equitable transport pricing, seeking to require transport 
users to bear a greater proportion of the real costs of their journeys (including costs of pollution, accidents and 
infrastructure). Table 1 shows a list of the main push-measures. 
On the other side, pull-measures are implemented in order to discourage the use of cars and trucks by improving 
the attractiveness of existing alternatives. They include the enlargement of the rail appeal on certain corridors by 
constructing or developing intermodal terminals or by increasing capacities in points identified as bottlenecks or by 
expanding the existing rail infrastructure (Table 2). 
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Table 1: List of the most common push-measures. Source: Lautso et al., 2004, elaborated 
PUSH-MEASURES 
FIELD MEASURE DESCRIPTION, AIM 
Traffic calming 
Reduce car speed Reducing car speeds inside housing areas and along the most critical sectors of extra 
urban roads. Improvement of safety and minimization of environmental impacts 
Speed regulation 
programme 
Changing vertical horizontal alignments, or narrowing the roadway. Reduction of 
speeds for environmental reasons 
Zero tolerance; speed 
limit enforcement 
Enforcing speed limits using video analysis and recognition techniques or speed 
sensors on vehicles. Enhancement of the effect of traffic calming measures and 
improvement of safety, especially for pedestrians and cyclists 
Overall system 
management Commuter plans 
Forcing employers to introduce commuter plans. Increase in the use of soft modes 
and Public Transport (PT) 
Parking pricing policy Parking costs Growth of parking cost prices. This induces a discouragement in the use of the car 
General car pricing Progressive fuel tax Reduction of vehicle kilometrage and of fuel usage 
General car pricing 
(continuing) 
Car costs Growth in car costs. Discouragement in the use of the car 
Distance based charging Introduction of the distance based charging with the help of advanced technologies. Effective potential in reducing total trips and travel times 
Congestion pricing 
Congestion pricing  Road Pricing with fixed toll. Increase in both user and social welfare 
Progressive toll Road Pricing with peak-hour toll. Congestion pricing with continuous distributed 
values of time.Increase in both user and social welfare 
Road investment Capacity reductions Reducing capacity of the main roads leads to a reduction of traffic 
Table 2: List of the most common pull-measures. Source: Lautso et al., 2004, elaborated 
PULL-MEASURES 
FIELD MEASURE DESCRIPTION, AIM 
Rail and Public 
Transport(PT) 
investment 
Rail investment program Introduction of new infrastructures for rail and services. Increase of mobility and 
reduction of car dependency 
PT speeds Fostering to the shift from personal cars to public transport 
Intermodalism 
Transfers Improving transfers between rail and public transport modes as well as transfers between PT and soft modes. Promotion of less polluting and alternative systems 
Park & Ride Implementation of parking facilities for park & ride on the borders of urban 
agglomeration and on the intermodal centres. Reduction of urban congestion 
Smart card Introduction of a single smart card for payments in all modes of PT. Increase in the 
ease-of-use of PT, providing also valuable data for PT planners and authorities 
Mobility centre Setting up a mobility centre which provides information and reservations on PT, taxis, shared rides. Improvement of the image of PT 
Intermodal centre Infrastructural development of intermodal centres may help to provide aconsistent 
alternative to road transport 
Management efficiency Enhancement of management efficiency increases attractiveness of freight villages by reducing time waste and hence costs 
Overall system 
management 
Telematics 
Traffic management: optimising traffic signals, implementing congestion and 
incident detection systems, providing PT information both pre-trip and in-trip and 
deploying route guidance services. Remarkable reduction of congestion 
Mobility credits Introducing tradable mobility credits. Encouragement of modal shift to PT 
Liberalisation of market Liberalization of good and passenger market. Reduction of prices for users 
PT pricing PT pricing Reduction of public transport pricing. More attractiveness of PT 
 
The efficiency of single and combined usage of push- and pull-measures was object of several studies, mostly 
conducted with the direct involvement of the EU. AIUTO (1999) evaluated the results of push-, pull- and both push- 
and pull-measures on Transport Demand Management in the cities of Como, Salerno, Randstad, York, Thessaloniki 
and Geneva. Push-measures obtained good results both in terms of modal split (about 10% of shifting towards less 
polluting modes) and reduction of polluting gases (though CO2 was not analyzed here). On the other side, the 
implementation of pull-measures without policy support gave poor outcome (less than 1% in modal split diversion). 
Best results were obtained by a combination of both push- and pull-measures (Wolfram, 2005). PROPOLIS (2004) 
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summarized the results of push- and pull-measures in the pilot cities of Helsinki, Bilbao, Inverness, Naples, 
Dortmund and Vicenza. The combination of public transport and car pricing policies produced cumulative positive 
results: up to a 15-20% reduction in CO2 emissions as well as 8-17% abatement in traffic accidents (Lautso et al., 
2004). SCATTER (2004) analyzed the effects of land pricing policies on CO2 emissions for the cities of Stuttgart, 
Brussels and Helsinki. For these last two cities, pull-measures alone (in this case, new radial rail services) caused the 
decrease in CO2 emissions of 8% and 2% respectively, while a combination of push- and pull-measures (land use 
measures, increase of travel costs or time by private car, decrease of travel costs or time by public transport or by 
Park&Ride facilities) reduced CO2 by 14% and 12% respectively (Wolfram, 2005). ARTIST (2005) redesigned some 
Swedish roads by decreasing the number of traffic lanes and streetside parking, in order to obtain traffic calming and 
reduced traffic flow. Measures led to an increase in CO2 emissions by about 15% (Wolfram, 2005). 
Most of the push- and pull-measures involved in the previous case-studies have an urban dimension (ie: creation 
of pedestrian areas, limited access to cities, introduction of high-occupancy vehicle lines or Park&Ride system, etc). 
Nevertheless, the effects of some push- and pull-measures have been evaluated also in extra-urban contexts, 
especially if referred to relevant infrastructures (ie high speed rail lines). Von Rozycki considered the variation of 
CO2 emissions related to the introduction of the high-speed line between Hannover and Würzburg (von Rozycki et 
al., 2003), while Tuchschmid (2009) proposes a method to quantify the emissions of several polluting gases 
(including CO2) deriving from the realization of the main European railway networks. Booz Allen Hamilton Ltd 
(2007) considers the CO2 emissions deriving from the London-Edinburgh and the London-Manchester high speed 
lines over a period of 60 years. A forecast of the CO2 emissions is provided through the scenario analysis; results are 
related with the emissions produced by the London-Edinburgh and the London-Manchester air lines. Benefits are 
guaranteed in the former case but not in the latter, thus demonstrating that the introduction of a less polluting 
transportation system does not necessarily imply the reduction of the overall CO2 emissions. Finally, the 
Engineering Society of the Italian Railways (Italferr, 2010) proposed a method which forecasts the CO2 emissions 
derived from the introduction of a new railway line between Lombard cities of Rho and Gallarate. All the above 
mentioned studies are very recent, thus confirming the topicality of the theme among the transportation planners, 
and point towards the combined usage of push- and pull-measures for the actual reduction of CO2 emissions. The 
following paragraph makes this case, dealing with the consequences of the push- and pull-measures along the 
Brenner axis. 
This analysis is based on a series of long-term scenarios, whose main degrees of uncertainty concern the future 
traffic demand and the mean future emissions.  
The former point is not linked with the accuracy of the analysis or with the method chosen (ProgTrans AG, 2007; 
see below), as the uncertainty of such a long-term traffic forecast is endogenous and cannot be eliminated. For this 
reason, the use of sophisticated models does not carry to concrete advantages. The simplest approach to take 
uncertainty into account (Raiffa, 1968; Jordaan, 2005) is to establish a range within which the figures can 
reasonably be expected to fall, and hence consider the outputs of each scenario as the most likely values. 
Referring to the mean future emissions, there is limited literature related to the validation of road transportation 
emission models (Barlow and Boulter, 2009). One acknowledged paper in this field (Smit et al., 2010) claims 
however that CO2 emission models generally provide more accurate results than other forecast on polluting gases, 
even if the accurate estimation of the uncertainty still has a certain margin of error and needs deep investigations to 
be quantified. 
3. The case study presented: the Brenner Axis 
TEN-T corridor 1 connects Berlin with Palermo with a 2.200 km long high-speed rail line. Due to the presence of 
the Alps, one of the most critical stretches of this line is between Munich and Verona, on whose inside the path 
between Innsbruck and Fortezza is generally considered a bottleneck. Two major issues related to CO2 emissions are 
linked to this segment: the topographical condition (endogenous element) and the almost steady recent growth of 
traffic flow (external element). Referring to the former, the profile of both the highway and the railway lines shows 
high differences in gradient, resulting also in different emissions of GHGs: the Infras program about future 
emissions of vehicles reveals that the average CO2 emission of a standard vehicle such as a 32 t HGV on the upward 
slope is more than five times higher than on the plain (Infras, 2004).  
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The time series of traffic demand for freight transport along the main Alpine corridors also reveals a critical 
condition. Even if in 2008 and 2009 freight volume slightly decreased due to the economic crisis, its exponential 
road growth along the Brenner corridor is however evident since 1980: in 2009, about 70% of goods were 
transported by HGVs (Bundesamt für Verkehr, 2010). On the other hand, Swiss corridors show the opposite trend: 
rail transport involves more than 60% of the overall traffic, thus demonstrating that the shift of a shore of traffic 
demand from road to rail is theoretically feasible, above all if supported by a consistent policy. 
An estimation of the effects of the introduction of push- and pull-measures on the traffic demand along Brenner 
axis was elaborated in a previous study which compared several different scenarios (ProgTrans AG, 2007). In this 
report, the “minimum-scenario” forecasts neither push- nor pull-measures (henceforth referred to as “no push no 
pull scenario” in the remainder of this paper), the “trend-scenario” implies the adoption of pull-measures only 
(“pull-only scenario”), while the “consensus-scenario” involves both push- and pull-measures (“push and pull 
scenario”). The “push-only scenario” is not analyzed here as it is considered unrealistic: it foresees only 
constrictions to the free circulation, thus being against the important principle of “social equity” promoted by the EU 
in the development of its transportation policy (CEC, 2001). A picture of the measures adopted in the three scenarios 
may be found in the Tables 3 and 4. 
Tables 3,4: Push- and Pull- measures considered in the three different scenarios. Source: ProgTrans AG, 2007, elaborated 
  
“NO PUSH NO PULL” “PULL-ONLY” “PUSH AND PULL” 
PUSH-MEASURES 
Road costs per km Current costs No changes in comparison with “no push no pull” scenario 
 +30% in comparison with other 
scenarios 
Road tolls 
(passengers) 
No tolls related to the covered 
distance; no urban tolls 
No tolls related to the covered 
distance; no urban tolls 
No tolls related to the covered distance. 
Introduction of urban tolls.General costs 
+15% in comparison with -other 
scenarios 
Road costs (freight) Highway tolls under infrastructural costs up to 2015 
Highway tolls at the same level 
as infrastructural costs up to 2015 
Highway tolls higher than infrastructural 
costs (+15% in comparison with “pull-
only” scenario); harmonization of tolls in 
all the Alpine bow 
Road traffic ban 
No ban along Brenner highway, 
maintenance of Sunday and 
nocturnal bans, use of dosage 
systems 
No ban along Brenner highway, 
maintenance of Sunday and 
nocturnal bans, use of dosage 
systems 
Implementation of social and security 
prescriptions, no ban along Brenner 
highway, maintenance of Sunday and 
nocturnal bans, use of dosage systems 
Speed-limits No changes No changes More controls, reductions of a good 8% 
Tax on mineral oil Uniform tax rate on all the EU 
countries based on present value 
Uniform tax rate on all the EU 
countries based on present value 
Uniform tax rate on all the EU countries 
higher than present value; introduction 
of an eco-tax 
PULL-MEASURES 
Enforcement of roads Enforcement of highways (but not 
along Alps) 
Enforcement of highways (but 
not along Alps) 
Investments only for national programs 
or for TEN-T to reduce bottlenecks 
Intermodality 
Considerable improvement, 
reduction of technical and 
administrative barriers 
Considerable improvement, 
reduction of technical and 
administrative barriers 
Considerable improvement, reduction of 
technical and administrative barriers, 
optimization of the rail services 
Rolling highway At 2004 level At 2004 level At 2003 level 
Railroad costs Slight reduction (-5% for goods) Slight reduction (-5% for goods) Considerable reduction 
Subsidies Reduction for profitless transports Reduction for profitless transports 
Slight reduction, but not related to 
profitless transports. Rail is more funded 
Railway traffic market 
rules 
Slight liberalization and broad 
privatization of freight and 
passenger transport 
Slight liberalization and broad 
privatization of freight and 
passenger 
Slight liberalization and broad 
privatization of freight and passenger 
Enforcement of 
railway lines 
Realization of Gotthard, 
Moncenisio and Lötschberg base 
tunnels 
Realization of Brenner, Gotthard, 
Moncenisio and Lötschberg base 
tunnels. In 2025 TEN-Tare 
realized 
Realization of Brenner, Gotthard, 
Moncenisio and Lötschberg base 
tunnels. In 2025 TEN-T are realized 
Telematics Introduction of ERTMS systems for high-capacity lines until 2025 
Introduction of ERTMS systems 
for high-capacity lines until 2025 
Introduction of ERTMS systems for all 
high-capacity lines until 2015 
Average rail speed Slight changes in comparison with 
actual speed 
In comparison with actual 
speeds: +3% up to 2015, further 
+ 2% up to 2025 
In comparison with trend-scenario: +3% 
up to 2015, further + 2% up to 2025 
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The “no push no pull” scenario is very conservative as it implies very few changes for the next 25 years in 
comparison to current conditions. It could be seen as a transposition of the present transportation policy to the year 
2030, which considers the liberalization and privatization for passenger and freight transport on rail. This scenario 
involves neither cost changes per km nor toll variation for both HGVs and cars, nor changes in rail and road speed. 
Further improvement of the highways linked with the Alpine roads is provided. The subsidies for transportation are 
meant for profitable transports only; an empowerment of multimodality is operative on main high-capacity 
corridors. 
The “pull-only” scenario is based on the “business-as-usual” rule. Also in this case, future evolutions of prices 
and transportation demand are based on the trend of the last years. The main difference in comparison to the 
previous scenario is the realization of the high-speed rail line between Munich and Verona, which includes the 55 
km Brenner railway tunnel. In this scenario, a 5% cost reduction and a 3-5% average speed growth for freight 
transport on rail are considered. Reductions of the fares for Austrian railways and of transportation subsidies are also 
foreseen.  
The “push and pull” scenario is the fulfilment of a sustainable transportation policy. It implies the concurrent 
adoption of some push- and pull-measures in order to reach the complete internalization of external costs. Referring 
to tax policy, the most important measures are the subsidies of the railway mode, the increase of tolls (Austrian tolls 
are assumed to reach the Swiss ones) for all the types of vehicles. Moreover, the introduction of an eco-tax for 
mineral oil and the reduction of transportation subsidies are forecasted. Related to the infrastructural policy, the 
improvement of the high-speed rail line (with subsequent reduction of travel time), the development of the rolling 
highway and the modernization of the materials are scheduled. In relation to the road empowerment, only the most 
critic bottlenecks are solved (no further construction of road segments between the Alpine highways). Operatively, 
these measures lead to 30% growth of the cost per km for HGVs and cars until 2025. In comparison with the “pull-
only” scenario, this one implies an increase of the highway tolls (15%) and of railway speed (5%) as well as a 
reduction of speed along roads (-8%). 
The traffic demand growth rates shown in Table 5 were assumed from Progtrans (2007) in the three scenarios 
described above. 
Table 5: Future trend for the traffic demand in the three different scenarios. Source: ProgTrans AG, 2007, elaborated 
Brenner growth rates – freight transport 
Year “No push no pull” scenario “Pull-only” scenario “Push and pull” scenario 
 Road Rail Road Rail Road Rail 
2010-2015 1,9% 3,1% 1,9% 3,1% 0,1% 3,1% 
2016-2020 1,5% 2,1% 1,5% 7,7% -0,1% 8,6% 
2021-2025 1,5% 2,1% 1,3% 6,9% -0,6% 7,4% 
2026-2030 1,0% 1,2% 1,4% 1,9% 0,0% 2,3% 
Brenner growth rates – passenger transport 
Year “No push no pull” scenario “Pull-only” scenario “Push and pull” scenario 
 Road Rail Road Rail Road Rail 
2010-2015 1,2% 3,1% 1,2% 3,1% 0,7% 3,1% 
2016-2020 1,9% 2,1% 1,9% 4,8% 2,2% 5,3% 
2021-2025 1,9% 2,1% 1,9% 4,5% 2,2% 5,0% 
2026-2030 1,5% 1,7% 1,4% 3,8% 1,5% 4,2% 
In order to evaluate the real effectiveness of the measures in the case at-stake, it is useful referring to the last year 
considered in the ProgTrans forecasts, ie 2030. At this time, the measures are supposed to be completely put into 
force and can hence generate appreciable effects.  
The following lines deal with the method proposed to evaluate traffic demand and consequently CO2 emissions 
for that year.  
The very first step is to provide historical data about traffic along the Brenner axis. Table 6 shows data for the 
year 2009: the object of transportation (“freight” or “passengers”) and its mode (“road” or “rail”) are separately 
analysed. Transnational as well as local journeys are considered. 
 
Silvio Nocera and Federico Cavallaro / Procedia Social and Behavioral Sciences 20 (2011) 703–713 709
Table 6: Traffic demand along the Brenner axis in 2009. Observed traffic counts. Sources: Aiscat, 2009, Land Tirol, 2009 
Traffic along Brenner axis, 2009 [vehicles/year] 
Country/Vehicle HGVs Freight trains Cars Passenger trains 
ITALY 4.256.697 48.600 10.095.536 15.500 
AUSTRIA 2.882.743 47.100 11.390.190 15.900 
Figures for the Brenner axis in the year 2009 (Table 6) are crossed with the growth rates shown in Table 5, 
thereby generating the 2030 overall amount of vehicles for the various scenarios. As in the previous case, data are 
divided by country and by transportation mode (Table7). 
Table 7: Traffic demand along the Brenner axis - forecast for the year 2030. Source: Ruffini et al., 2010, elaborated 
 Traffic along Brenner axis. Forecast for 2030 [vehicles/year] 
  ITALY AUSTRIA 
Scenario HGVs Freight trains Cars Passenger trains HGVs 
Freight 
trains Cars 
Passenger 
trains 
NO PUSH  
NO PULL 5.976.021 80.110 14.229.167 26.058 4.047.112 79.121 16.053.919 26.731 
PULL-ONLY 6.011.674 135.322 14.173.174 36.189 4.071.257 133.652 15.990.746 37.123 
PUSH AND 
PULL 4.142.902 146.682 14.084.397 40.313 2.805.678 148.872 15.890.584 41.353 
 
The CO2-consumption per km of a given vehicle is then determined. As quoted in tables 6 and 7, four different 
transportation means were considered: cars, HGVs, passenger and freight trains. For each of them, a standard 
vehicle defined from recognized models (Infras, 2004; Transport & Mobility Leuven, 2010) having a known CO2-
consumption per km was considered (Table 8). The results were provided for the year 2020 and extended to the year 
2030 through extrapolation. 
Table 8: CO2-emissions [g CO2/ km] for the standard vehicles considered - Forecasts for the year 2030. Sources: Infras, 2004; Transport & 
Mobility Leuven, 2010, elaborated 
Car HGV Passenger train Freight train 
137 671 4.770 7.820 
 
As shown from the following formula (1), in each scenario yearly national CO2 emissions for the transportation 
mode i are then to be calculated as the product of the distance covered, the average consumption of the standard 
vehicle and the overall amount of the vehicles considered: 
iiii ncdp  (1) 
Where: pi stands for the national CO2 emissions for the transportation mode i in a given year; 
 di is the distance covered from the transportation mode i; 
ci is the average consumption of the standard vehicle of the transportation mode i in the year considered; 
ni is the overall amount of vehicles of the transportation mode i in the year considered. 
 
To obtain the yearly CO2 emissions in a given scenario, formula (1) must be summed for the transportation mode 
(index i) and for the country (index j): 
jj i
ik pco
2
1
4
1
2  (2) 
Where: co2k represents the amount of emissions of carbon dioxide in a given scenario in the year k; 
 pi is defined as above; 
 i is the modal index (i=1 for cars; i=2 for HGVs, i=3 for passenger trains; i=4 for freight trains); 
 j is the national index (j=1 for Italy and j=2 for Austria). 
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The application of the formula (2) on the case of Brenner tunnel at year 2030 shows that the “pull-only” scenario 
generates the highest CO2 emissions (about 2.075.000 tonnes, or 2.075 kilotonnes, henceforth kt), followed by the 
“no push no pull” one (about 1.900 kt). The one providing lesser impact is the “push and pull” one, with about 1.750 
kt CO2 emitted (Table 9). 
Table 9: CO2 emissions in different scenarios: forecasts for the year 2030. Source: Ruffini et al., 2010, elaborated 
The overall evaluation of the CO2 emissions between 2010 and 2030 can be determined by the iteration and the 
summation of the method above described for each year belonging to the period of time considered (formula 3): 
2030
2010
22
k
kcoCO  (3) 
Where: CO2 represents the amount of emissions of carbon dioxide in a given scenario; 
 co2k is defined as above; 
 k is the yearly index.  
Results of the iteration of the formula (3) for the case under consideration are reported in Table 10. 
Table 10: CO2 emissions related to road and rail transport in the period 2008-2030. Source: Ruffini et al., 2010, elaborated 
 NO PUSH NO PULL PULL-ONLY PUSH AND PULL 
Year CO2 emissions (kt) CO2 emissions (kt) CO2 emissions (kt) 
2010 1.534,63 1.534,63 1.499,79 
2011 1.554,50 1.554,50 1.501,75 
2012 1.580,87 1.580,87 1.509,77 
2013 1.607,75 1.607,75 1.517,88 
2014 1.635,13 1.635,13 1.526,10 
2015 1.663,03 1.663,03 1.534,43 
2016 1.689,97 1.695,68 1.541,56 
2017 1.715,23 1.725,61 1.564,79 
2018 1.740,85 1.762,48 1.589,30 
2019 1.766,83 1.800,63 1.615,18 
2020 1.793,18 1.840,13 1.642,52 
2021 1.805,12 1.866,15 1.658,84 
2022 1.816,96 1.889,07 1.669,54 
2023 1.828,70 1.912,75 1.681,50 
2024 1.840,33 1.937,24 1.694,79 
2025 1.851,85 1.962,58 1.709,47 
2026 1.873,15 1.998,36 1.732,66 
2027 1.885,14 2.017,09 1.740,20 
2028 1.897,14 2.035,94 1.747,80 
2029 1.909,14 2.054,91 1.755,47 
2030 1.921,15 2.074,00 1.763,21 
Total 36.910,69 38.142,84 34.196,53 
 
Not surprisingly, the “push and pull” scenario is the one with the overall lowest CO2 emissions (about 34.200 kt, 
Table 10): this is due to the high percentage of rail traffic, especially as far as goods are concerned, and for the 
contextual reduction of road traffic. On the contrary, one might find odd that the scenario with the highest CO2 
emissions is the “pull-only” (about 38.100 kt) instead of the “no push no pull” one (about 36.900 kt). The reason is 
that the former causes an overall growth of traffic demand as a consequence of a general improvement of axis 
performances: its forecasted car amount is more or less the same as in the latter scenario, while the HGV number is 
even higher. 
Figure 1 considers the development of CO2 emissions in the “pull-only” (green curve) and “push and pull” 
scenarios (blue curve), comparing them with the “no push no pull” one (yellow line represented from the x-axis). It 
can be observed that up to the year 2030 the “pull-only” scenario generates an amount of good 1.200 kt CO2 higher 
 NO PUSH NO PULL PULL-ONLY PUSH AND PULL 
Year kt kt kt 
2030 1.921,15 2.074,00 1.763,21 
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than the “no push no pull” scenario, while on the contrary the “push and pull” one grants a saving of about 2.700 kt 
CO2. This difference (about 4.000 kt CO2) represents the forecasted outcome of an enlightened transportation policy 
supporting the construction of the Brenner railway tunnel. 
 
Figure 1: Difference in CO2 emissions between scenarios 
4. Conclusions 
CO2 has drown much recent attention within the issue of reduction of polluting gases, as it constitutes about 90% 
of all the GHGs emitted in the transportation field (Contaldi and Ilacqua, 2003). EU has tried to face its growth by 
promoting the implementation of a number of policies, aiming at shifting traffic demand to less polluting modes.  
A large number of forecasting models have been developed in the past to evaluate the potential impacts of 
different measures and new technologies as far as carbon dioxide emissions are concerned. According to OECD 
(2002), almost every existing model has many limitations and constraints (for instance, level of detail of available 
data, rigidness of the hypotheses and lack of flexibility of the methodology). Most models have furthermore a 
number of shortcomings that need to be addressed: because of the less flexibility, simplifications may lead to 
modelling errors, accuracy of the results is generally unknown, comparability between models across different 
countries is normally difficult, etc.  
The model used in this paper has forecasted the effects of the construction of the Brenner railway tunnel for the 
CO2 emissions in one of the most critical spots of the TEN-T corridor 1. Overall savings were here evaluated 
through the development of three scenarios, weighting at about 4.000 kt (ie the difference between the forecasted 
emissions of “pull-only” and “push and pull” scenario at year 2030) the expected results of a convenient 
transportation policy.  
This and some of the studies quoted above in this paper seem to strive for two deductions: first, the combined use 
of push- and pull-measures looks rather effective for the reduction of CO2 emissions. Second, pull-measures without 
appropriate policy support may cause an increase of CO2 emissions, due to a possible traffic demand growth not 
mitigated by an appropriate modal split. 
Both these arguments seem to call for the backing of a solid policy, involving a package or combination of 
measures (local and national legislation, voluntary agreements, graduated vehicle taxes, fiscal measures, consumer 
information etc), to form a comprehensive strategy to reduce transport CO2 emissions. 
0 axis = “no push no pull” scenario 
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